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PREFACE 


Tus book is primarily intended to be of help to Aircraft 
Bench Fitting Apprentices and Improvers, but some of 
the subjects should prove of interest to skilled men and 
ground engineers. 

No effort has been made to deal with any subject with 
which the bench fitter is not concerned. 
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PART I 


CHAPTER I 
MILD STEEL AND CAST STEEL 


Mild Steel. Mild steel consists of iron and carbon, the percentage 
of carbon being -2 to -4%. 

Mild steel is used extensively on aircraft construction. It is used 
in the form of mild steel plate, mild steel tubes, and as forgings and 
machined parts. 

Cast Steel. Cast steel also consists of iron and carbon, but the 
percentage of carbon is higher, being from -6 to 1-6%. 

Cast steel is seldom used for any work carried out by an aircraft 
bench fitter. It is important, however, for him to understand the 
properties of this metal, as practically all of his tools are made of 
it, and these need care and attention. 

The carbon in cast steel is capable of being changed in form by 
heat treatment, and it is upon the form of this carbon that the 
hardness, brittleness and toughness of a steel depends. 


Hardening Cast Steel 


Carbon exists in cast steel in two forms—as “‘Pearlite” or 
*“Cementite.” If cast steel is heated to a medium red the carbon is 
in the ‘“‘Cementite” form, but if cooled slowly the carbon changes 
into ‘‘Pearlite.” 

When the carbon is in the pearlite form, the steel is soft, and can 
be machined or filed easily. 

If the steel is cooled quickly (i.e. by quenching in water or oil) 
from a red heat, the carbon will be “trapped” in the cementite form. 
The steel in this condition is dead hard. 

Files are an example of steel in a dead hard condition, but 
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generally dead hard cast steel is not of much use for tools because 
of its extreme brittleness. 


Tempering Cast Steel 


The object of tempering is to reduce the brittleness and induce 
toughness. This is done by partially re-heating a dead hard cast 
steel, thereby partially changing the form of the cementite carbon. 

The more the heat imparted to the steel the more the hardness 
and brittleness will be reduced. 

The loss of hardness with the brittleness is not desirable, but it 
is not possible to reduce the brittleness without sacrificing some 
of the hardness. Different tools require different degrees of temper, 
according to the requirements of the tools. 

Tools which receive no shock in use are only slightly tempered, 
and shock tools (e.g. a cold chisel) are tempered more to withstand 
the impacts. 

If a piece of dead hard cast steel is polished, and then heated, 
various colours will appear on the polished surface. 

These are caused by the formation of oxides on the metal and are 
known as “Temper Colours.” 

The various temperatures to which the steel is heated are in- 
dicated on the polished surface by the various colours which appear. 

A table, shown on page 69, has been evolved denoting the temper 
colours necessary for different tools. (See Table I.) 


EXAMPLE 


To Harden and Temper a Cold Chisel. Place the tool in a clear fire 
or a blow-pipe, and heat about two inches at the point to a medium 
red. 

Quench the tool in cold water. (The water must not be icy, or 
the extreme suddenness of the cooling may crack the chisel’) The 
point of the chisel will now be dead hard. 

Polish one surface of the chisel, at the point, with emery cloth. 
Reheat the shank, and watch for colours appearing on the polished 
surface, travelling towards the point. When a brown-purple appears 
at the point quench again in water. 

The chisel is now ready for use. 

For tools such as a half-round scraper which needs to be of the 
same temper throughout the blade, care must be taken to see that 
the temper colour is evenly spread over the whole of the blade. For 
this purpose the whole of the blade should be polished before 
tempering. 
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Case-hardening 


Mild steel does not contain enough carbon to enable it to be 
hardened and tempered, but it can be case-hardened. 
This is done by changing the outer ‘‘skin” of the mild steel into 
cast steel, and hardening it in the usual way, by quenching from a 
red heat in water. The inner core is practically unaffected by the 
quenching and remains soft and tough. 
To change the skin of the mild steel into cast steel it is necessary 
to add extra carbon. There are many different ways in which this 
can be done. 
The Open Hearth Method. Heat the article to be case-hardened 
to a medium red. 
Dip the article into a case-hardening compound. The article will 
then absorb carbon from the compound into its outer surface. 
Replace article in fire and maintain at a red heat for a few minutes, 
then quench in cold water. ‘ 
The article may be dipped into the compound more than once at 
three or four minute intervals, being maintained at red heat between 
each dip, and finally quenched as before. 
The depth to which the carbon is absorbed depends on the number 
of times the article is dipped into the compound, and the time 
taken. 
There are other methods of case-hardening, in which the article 
is heated for a long period, completely surrounded by some carbon- 
containing substance, but these methods are not carried out by the 
bench fitter, so they are omitted. . 
Open hearth case-hardening is employed in many ways by bench 
fitters, chiefly for production tools, such as templates. 
Suitable case-hardening compounds are— 
Kasenit No. 1, 
Yellow prussiate of potash, 
Potassium cyanide. 

Tn case of emergency—sugar. 


CHAPTER II 
DRAWINGS OR BLUE PRINTS 


THE type of drawing used in aircraft factories is technically known 
as an “‘orthographic projection.” 

In the factories, they are known among the men as drawings or 
blue-prints, not plans. 

Drawings sometimes look very complicated to the inexperienced, 


A B 


Cc 


= = 
Fie. 1 


and sometimes also to the experienced, but, after studying them 
intelligently for a short time with the necessary knowledge, they 
become as photographs, and quickly convey to the mind what the 
finished object is like. 

A drawing consists, as a rule, of three views, the “Elevation,” the 
“Side Elevation” (or side view), and the “Plan.” 

The elevation consists of a view looking straight at one face of 
an object. 

There is no fixed rule as to which face of the object it must be. ~ 
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Take the simple object in Fig. 1 which portrays a fitter’s steel 
square. A represents the elevation, that is, looking straight at one 
face. The side elevation B is formed by rolling the square from the 
position shown in A through a right angle (90°) to the right, and 
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drawing the view thus obtained. This view is always dead in line 
with the elevation, as shown. 

The plan C is formed by rolling the square from the position as 
shown in A downwards through a right angle and drawing the view 
thus obtained; this view is always dead in line downwards from 
the elevation. 2 

All drawings are drawn in this way, and any information which 
cannot be seen in one view can always be seen in one of the others. 

It is not always necessary to draw three views of an object. For 
instance, take a flat sheet metal plate. 
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All the information necessary for this type of job can be shown 
in one view, so that a draughtsman would probably only draw this 
one view and add a small note on his drawing denoting the thickness 
of the plate. 

Again, take for instance the square shown in Fig. 1. It can easily 
be seen that all the information necessary is contained in views A 
and B, so that view C is unnecessary for a job of this type. 


A 


See tress on Va 
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Sometimes in more complicated drawings there are other views 
added, it being impracticable to show all the necessary information 
in three views. 

A simple instance of an additional view is shown in Fig. 2. The 
fourth view shows the positions of six holes. 

Any objects or profiles which are hidden behind the front face of 
a view are dotted, or in some cases left out to prevent complication. 

In some cases it is necessary to show the shape of certain jobs at 
some intermediate position. This is done as in Fig. 3, which is the 
drawing of a pulley wheel. A line is drawn across the view at the 
required position and is marked A/A. The other view shown is 
then marked “Section on A/A” and portrays what the object would 
look like if cut through at the position of line A/A, looking in the 
direction of the arrows. The shaded portions show that material 
which would be cut through. 
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A view of this type is known as a ‘Sectional View.” There may 
be any number of these sectional views on a drawing, and if there 
is more than one they are marked with lines A/A, B/B, C/C, etc. 


Marking Out 


Marking out is generally considered to be a difficult part of a 
fitter’s work, but the chief difficulties can be quickly overcome by 


Fie. 4. Mernops or Constructing Ricut ANcies, Usina 
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firstly using dead sharp and delicate marking out tools, and secondly 
by exercising care in the use of same. 

Simple marking out is carried out with the aid of the following 
tools— 


Small pair of dividers (2”), 

Large pair of dividers (6"), 

Trammels, 

Steel rule marked in ;4;ths and +}, ths of an inch, 
Steel square, 

Scriber and centre punch, 

Metal protractor. 


All of these tools should be purchased from good tool shops and 
should not be “home-made,” with the exception, perhaps, of the 
trammels and scriber. 

A beginner, as a rule, finds it difficult to set dividers accurately, 
so a certain amount of practice may be necessary in this direction, 
always remembering that this tool should be dead sharp. 

It is at first necessary to know how to draw a line at right angles 
to a given line. 
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Two methods are shown in Fig. 4, the first of which is known to 
all school boys, and the second, perhaps not so well known, forms 
the right angle by marking the points of a triangle with sides 3, 4 
and 5 units respectively; as shown in sketch. 

This latter method is of especial value when marking a per- 
pendicular from the end of a line near the edge of a job. See Fig. 
4(@). When marking out a job similar to the flat plate in Fig. 5, the 
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best procedure is as follows. Start on the metal with a “base” line 
AB and make two small centre dots near the ends of the line. 

Then set the dividers to 0-5” and mark two small arcs above the 
centre dots. Then set the dividers at 0-5” plus 0-6” (= 1-1"), and 
mark two more arcs. Continue with 0-5” plus 0-6” plus 0-7” = 1/8". 
Join up the tops of the arcs. Construct perpendicular CD as shown 
and proceed, marking the arcs as before from two centre dots on line 
CD. The above simple method of marking off is very efficient if 
carried out carefully. 

The great point which must be stressed is not to mark out with 
dividers by stepping from one measurement on to another, but to 
always work from a base line, thereby minimizing the possible error 
in setting the dividers. The positions of the holes are marked with 
a delicate centre punch at first and opened out (for piloting the 
drill) with a larger centre punch. Centre punching needs great 
care and must be practised. The small centre punch used first 
should have an acute angled point. When using it, it is wise to give 
the punch a very slight tap for a start and, before making a larger 
mark, make sure the small dot is in position. All manufacturers 

2—(A.46) 


10 THE AIRCRAFT BENCH FITTER 


like as many holes as possible to be drilled in detail parts to minimize 
drilling when assembling, so it will be obvious that holes must be 
drilled dead accurately, so that parts correctly assemble with each 
other, and the holes pick up without stress or strain. 
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Many men prefer to mark off work with the aid of a surface 
gauge (or scribing block), surface plate, and angle plate. 

A sketch of a scribing block is shown in Fig. 6. To set the scriber 
to a given position on the rule, first set it approximately by loosen- 
ing the clump nuts, and then adjust exactly by the adjustment 
screw. 


The material is clamped to the angle plate and all lines are scribed 
in one plane, working from a base line. 
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The angle plate and material, complete, are then turned through 
90° on to the side face of the angle plate, and the lines in this 
plane are then scribed. A rule for use with a scribing block 
should be marked in ;';ths and ;},ths of an inch throughout its 
length. 

When marking out large jobs it becomes necessary to mark larger 
dimensions, too large for marking with dividers. For this purpose, 
there are tools known as “‘trammels,” which are shown in the tool 


sketches on page 7. These are sometimes with and sometimes 
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without an adjusting screw, and are used in the same way as 
dividers. 

On aircraft sheet metal fittings all “corners” are rounded off and 
the radii of these corners are usually shown on drawings. Fig. 7 
embodies several instances of this, and the only difficulty which a 
fitter can encounter when marking off these radii is the finding of 
the points A, B, C, D, and EL. 

The methods employed are clearly shown in the sketch. 

When marking out a job involves the use of a protractor, great 
care must be used in setting the tool, as errors very easily creep in, 
especially on large jobs. 

The most common type of protractor used for sheet metal fitting 
is the plate protractor, shown in Fig. 8. 

Wherever practicable it is best to file one edge of the job flat and 
mark any angles by laying the protractor along this straight edge. 
The method of marking angles in the middle of a job is shown in 
the sketch. 

Care must be taken to mark angles at the correct number of 
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degrees from the correct line, and it is advisable to first set the blade 
of the protractor with the zero line, inspect the protractor reading, 
then add on the number of degrees required. 


Methods of Cutting Out Plate 


All methods of cutting out plate by hand entail a certain amount 
of filing when finishing off. ~ 

The simplest method of cutting out plate is with hand shears 
and hacksaw. The methods of operation of these tools are obvious 
and need no explanation. 
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A fine-toothed blade should be used when hack-sawing, and care 
must be taken to see that the blade is fixed into the frame with the 
teeth slanting forward. 


Templates 


When it is necessary to make a number of fittings from the same 
drawing, it is usual to make a ‘‘Template” for the job. 

A template is a pattern, and is made of a heavy gauge (about 
10G) mild steel plate, and is case-hardened before use. All holes 
are drilled in templates, but it is not usual to make any hole of a 
larger diameter than }”. 

A template is used as follows— 

It is clamped to the sheet metal to be used and all holes are drilled, 
using the template holes as drill guides, the plate being afterwards 
cut to the profile of the template by shears or with a nibbling 
machine (see below), and are finished off by filing. 

Any holes which have to be opened up must be drilled using the 
%” diam. holes as pilot holes. 

If holes larger than }” diam. were drilled in the template, they 
would not be efficient guides for the large drills. 

The profiles of templates are usually left about ;;” oversize all 
around, so that when plates are being filed to templates there is no 
danger of filing undersize. 


Nibbling Machine 


When a number of identical fittings are required, but not 
sufficient to warrant making a press tool, the usual procedure is to 
“nibble” the sheet metal to shape. This is done as follows— 

Drill all holes in the sheet metal, using the drilling and filing tem- 
plate as a guide. 

Then make a nibbling template. 

This is a template which overlaps the drilling and filing template 
by about ;!;”, and instead of holes it has spigots which pick up with 
the holes in the filing template (and, of course, the holes in the sheet 
metal which have been drilled from this template). 

The operation of nibbling consists of placing the nibbling tem- 
plate in position on the drilled sheet, and using the template profile 
as a guide to the nibbling punch, which nibbles around the profile 
of the template. 

The profile of the plate is finished by filing it to the profile of the 
filing template. Fig. 9 (A) shows the nibbling punch in the position 
of its upward limit and 9 (B) the downward limit. 
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Fig. 9 (C) shows the punch following the profile of the nibbling 
template. 

The position of the upward limit of the punch can be adjusted, 
and should be set to the position shown at A. 

It is possible to nibble slots or large holes in the middle of a piece 
of sheet metal. There is a special release mechanism to allow the 
punch to be raised sufficiently high for the sheet metal and template 
to be slid between the punch and the die to any position in the 


middle of the plate. A hole of a larger diameter than the punch is - 


drilled in the correct position to allow the punch to start. 

It is very important to engage the release control before operating 
the machine. 

Nibbling templates for this purpose have the correctly shaped 
holes or slots in them. 

On some nibbling machines provision has been made for nibbling 
circular discs without using a template. 

There is an adjustable spigot, }” in diameter, which can be set at 
a given distance from the nibbling punch. 

A hole }" in diameter is drilled in the centre position of the disc 
to be cut. The sheet metal is then rotated about the }” diam. centre 
hole which is placed over the spigot. 


CHAPTER III 


DRILLS, REAMERS, AND CUTTERS 


A CORRECTLY ground twist drill is shown in Fig. 10, and no comment 
is necessary on this except that the job of grinding is usually done 
on special machines. 

Drills can be ground by hand very accurately, but a lot of practice 
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is necessary to acquire the art. When drilling from a centre dot, it is 
essential to first use a very small drill (about 7," diam.), Then open 
out the hole using the 75" hole as a pilot hole. 

All holes of ;3;” diam. and larger are generally reamed. 

A reamer is illustrated in Fig. 10 and is used to guarantee the 
hole to be of dead size, and to have a good finish. 

For a reamed hole, the hole must first be drilled slightly under 
size, and then finished off with the reamer. (A table of drill sizes 
for reaming will be found at the end of the book.) 
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Lubricants for drills and reamers should be used and the spindle 
speeds should be correct for the particular size of drill or reamer. 

Tables of speeds and lubricants will be found at the end of the 
book. 

Spindle speeds can be judged after considerable experience, and 
reaming speeds can be taken to be about a quarter of the drilling 
speed. Various types of drilling machine tools are shown in Fig. 10 
with their respective names. 

“Pin-cutters” or “Pilot Cutters” are used for reducing thick- 
nesses or for forming a good bearing surface for a bolt head. They 
use a drilled hole as a guide. 

“Fly-cutters” are used for cutting large holes in sheet metal. 
A pilot hole is first drilled in the sheet metal, and used as a guide for 
the fly-cutter pilot. 

The cutting tool is adjustable to various distances from the pilot 
centre, and cuts a hole equal to twice the distance between pilot 
centre and the outside of the cutting tool edge. 


PART II 


CHAPTER IV 
METHODS OF BENDING 


Bending Bars, Bend Blocks, Folders and Folding Blocks 
TuereE are many different methods of bending sheet metal by hand, 
and the method employed depends largely on the number of the 
same part which is to be produced. 

If only one or two of the particular fitting are being made the 
bending would be carried out with bending bars (see Fig. 11). These 
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are used in the vice. The method of location for bending in this case 
is to place the plate in the bars, adjust the sight line to the edge of 
the bend radius, grip the bars in the vice, and hammer the plate 
over the radius with a wood mallet. 

If there is a considerable amount of the same fitting to be made 
it is usual to make a special bending block to do the job. 

Take a simple angle plate as in Fig. 12. The bending block for this 
job would be as shown in the sketch, so that when the template is 
in position on the spigots the sight line is in line with the edge of the 
bend block edge. 

18 
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The best method to adopt for making the bend block is as 
follows— 


1. Make the top block, but do not file the radius on it. 

2. Place this block on to the template with the sight line in line 
with the edge of the block. 

3. Clamp the template and the block together in this position. 

4, With a hand brace or drilling machine mark through the two 
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holes, which have to take the spigots, on to the top block. 
5. Remove the template and finish drilling right through. 
: Make bottom block (usually called the ‘‘back-plate”). 
. Place the top block on to the back-plate in the correct position 
a mark through the holes from the top block. 
8. Remove the top block and finish drilling the back- plate. 


The spigots have to slide in the top block, and must be fixed in 
the back-plate. This means that the top block must have holes 
slightly larger than the spigots. The methods of fixing the spigots 
in the bottom block are either to force them into slightly smaller 
holes or to weld them in at their extreme ends, to the bottom face 
of the back-plate. 

9. The radius is then filed on to the top block, using a radius gauge 
(see Figs. 38-39). 

If the metal to be bent has to be bent at 90°, the angle on the top 
block must allow for a bend slightly in excess of 90°, so that any 
“spring back” is allowed for. 
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This amount differs with the material and gauge of the sheet metal 
used, but can easily be ascertained by experiment. 

There are no set rules on the types of bending blocks to be made 
for different jobs. 

All that is required of a bending block is to do the job in hand 
accurately in the least possible time, so that the type to be made 
must be ascertained by the fitter. 

Fittings which have two, three or four flanges around a. flat 
middle are usually bent with a bending block which fits inside the 
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finished job, see Fig. 13. If a bending block has to be made for 
fittings which have no convenient holes for location, the usual 
method is to make the plates to be bent, with lugs on the profile in 
convenient positions. The holes for location purposes are drilled 
in these lugs, and the lugs are cut off after bending. 


The Modern Folding Machine 


There are many kinds of folding machines in existence, and they 
carry out the work for which they were designed very well, but 
there is only one type of folding machine which has been designed 
especially for the production of sheet metal detail fittings. This 
machine can be adjusted to bend practically any shape of sheet 
metal fitting, no matter how many flanges or bends. 

Special blocks, however, must he made for each different: job. 
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The sectional view shown in Fig. 14 shows a simple right-angled 
bend being carried out in the folding machine. 
The folder is here set in its normal position, so that all folding 
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blocks made for simple work such as this must have the bottom 
block of the correct thickness, so that the swivel point of the lip 
comes in its correct position. 
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It will be seen that when the lip has finished bending the metal, 
the face of the lip is separated from the top block by the thickness 
of the metal, so that when the folding blocks are being made care 
must be taken to have the edge of the top blocks at a distance equal 
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to the gauge (of the metal to be bent) inwards from the edge of the 


” back plate (see Fig. 15). 


In other respects the folding block is made in the same manner as 
a bending block. 

It is usual to add two large spigots at the extreme ends of the 
block (as in sketch) to ensure rigidity. 

Adjustment of Folding Machine. It is possible to adjust the 
position of the swivel point of the lip to a higher position. 

This means that a thicker back-plate can be used, so that, if 
necessary, slots can be cut in the back plate to clear any flanges 
already bent. 

‘An instance of this is shown in Fig. 16. Two of the flanges are 
bent up as before. Before the other two can be bent it is necessary 
to cut two slots in the back plate to clear the two flanges already 
bent (see sketch). A sectional view showing the job in position for 
the bending of the third flange is shown in Fig. 16. 

Sometimes it is necessary to bend up a face of a plate which 
already has side flanges, which would ordinarily foul the lip of the 
folding machine. To obviate this it is possible to drop the lip down- 
wards without altering the swivel point, and a packing piece is 
inserted between the side flanges, whilst the lip is tightened up on 
to the packing piece. Fig. 17 shows a job of this description in 
position ready for bending the last bend. 


CHAPTER V 
SIMPLE PRESS TOOLS 


Tuts chapter deals with only the more simple press tools, and does 
not deal at length with the methods of producing them. Tool- 
making is a specialized trade and many volumes dealing with this 
subject are already in existence. 

Many of the more simple press tools are very easily made and any 
fitter should be capable of turning these out. 

The simplest blanking tool is that shown in Fig. 18 and for small 
work is easily operated in the vice, but preferably in a small fly- 
press. 

The various parts of the tool are shown separated in sketches A to 
D, Fig. 15. 

The parts are made from mild steel, and the punch and the die- 
plate are case-hardened before use. Used in a fly press, these tools 
(“Flap-jacks,” as they are called) will blank 16G mild steel plate 
and will last for a very considerable period. The thickness of the 
plate is 108.W.G., the packing piece being a little thicker than 
this (6 8.W.G.). 

The method of producing these tools is simple. First make the 
punch, and then fit the punch to the die-plate (a good fit is necessary 
for blanking light gauges). 

The die-plate packing piece and punch-plate are then drilled and 
countersunk ready for riveting (;3;" diam. mild steel rivets). 

Before riveting up the following must be carried out. The punch 
must be placed in position on the punch-plate and drilled and 
countersunk ready for riveting. Then case-harden the punch and 
die plate. Rivet punch to punch-plate, then rivet punch-plate, 
packing piece and die-plate together. 


Blanking and Flanging Holes 


Holes above 3” diam. are seldom drilled in sheet metal. They are 
blanked out either in a power press or more often in a fly-press. 

A tool for blanking holes is shown in Fig. 19 (A). The centre of the 
hole to be blanked is drilled with a small hole (usually }” diam.). 
The spigot on the punch locates in this hole, so that the hole is 
blanked in its correct position. 
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Any holes required in plates which are more than 3” diam. are 
therefore drilled 4” diam. by the fitter and blanked out by a press 
operator. Draughtsmen often call for flanged holes. The idea of 
flanging a hole is to make that portion of the plate more rigid and 
also to lighten the fitting. Holes are flanged in the press. 

A diagram of the tool used is shown in Fig. 19 (B). Holes to be 
flanged must be dead smooth inside to prevent cracks and they are 
usually smoothed with emery cloth. 
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When a draughtsman calls for a 2” diam. flanged hole it means 
that the hole, after flanging, must be 2” inside diameter. 


Form Tools 

Two simple form tools for use in a fly-press are shown in Fig. 20. 

A form tool can be explained as a tool used in a press for carrying 
out bending, or “‘forming,” operations. 

The advantages of a form tool over bend block, etc., are speed 
and accuracy. Form tools are only made when the number of fittings 
required justifies the expense incurred. 


Blanking Tools 


There are many different forms of blanking tools in common use. 
The most common is that shown in Fig. 21 which is operated in a 
fly-press or power-press. Another type, which is known as a “loose 
punch” blanking tool, is shown in Fig. 22 
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The top plate fixed to the die is for guiding the die, which is 
operated by the pressure of a flat plate from the press. 

The punch follows the blank through the die and is retrieved from 
the underside of the die. 

All punches and dies for blanking should be made of special steel, 
and are hardened, tempered, and face-ground before use. 
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If the number of blanks required justifies it, a tool known as a 
“pierce and blank” tool is sometimes made, which pierces all holes 
and blanks the profile of a plate in one operation, but we will not 
concern ourselves with this as there is little or no work left to be 
done on the plates by the fitter. 

Most blanks have to be drilled. There are several types of tools 
for carrying out this operation, and they are known as drilling jigs. 
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Two common types are shown in Fig. 23. If holes are to be reamed, 
the drilling jig allows for the reaming size drill. 

Burrs must be removed from holes after drilling, either with a 
large drill or with a “‘Countersink”’ cutter. 

Large holes are drilled with }” diam. pilot holes ready for 
blanking. 


CHAPTER VI 
AIRCRAFT SHEET METALS 


THE most common sheet metals used in aircraft work are mild 
steel, duralumin, alclad, aluminium, elektron, and various stainless 
steels. 

Mild Steel Plate. Aircraft mild steel plate is the finest quality mild 
steel obtainable. It is supplied in even number Standard Wire 
Gauges, e.g. 18 S.W.G., 20 S.W.G., and 22 8.W.G. 

There is a definite cycle of operations necessary when turning out, 
aircraft mild steel plate fittings. 

After bending or welding, mild steel plate fittings must be 
normalized, that is, they must be heated to a medium red, main- 
tained at this temperature for 15 minutes, then allowed to cool in 
still air. This eliminates any internal stresses brought about by 
bending or welding. In the factories, this is done in a special depart- 
ment by men qualified in the heat-treatments of metals. 

After normalizing, the fittings must be straightened and squared 
up. They are then sand-blasted, which leaves the metal per- 
fectly clean and free from scale; also, any flaws will be clearly 
shown up. 

Sand-blasting is also carried out in a separate department. After 
sand-blasting, the fittings are inspected, following which they are 
electro-plated, the process being known as cadmium plating. This 
is to prevent corrosion. The fittings are sometimes painted or 
enamelled after the cadmium plating. With complex fittings each 
separate item must have received the cadmium plating before being 
assembled with each other. 

Duralumin is an alloy containing approximately 95% aluminium, 
4% copper, and 0-5% each of magnesium and manganese; it is 
usually termed “Dural.” 

Alclad is composed of a sheet of duralumin with a thin sheet of 
pure aluminium united to each side of it. 

Duralumin and Alclad Sheet Metal Fittings. When cutting out 
the plates care must be taken to have the “grain,” or roller marks, of 
the sheeting running at right angles across bends. Where bends are 
at right angles to each other the grain must go diagonally across. The 
idea of this is to prevent any grain mark causing the commencement 
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of a fracture, and also, under test, metal bent with the grain at 
right angles to the bend forms the stronger bend. 

Before bending, dural or alclad must be either “Normalized” or 
“Annealed,” except for very light gauges (22 S.W.G. or under). 

Normalizing must not be confused with annealing, as there is a 
most important difference; although both treatments render the 
metal sufficiently soft and malleable for bending purposes. 

Normalizing is carried out by heating the metal to 490° C. + 10° C. 
and maintaining the metal at this temperature for 15-30 minutes 
(according to its thickness) followed by quenching in water. 

The metal remains soft and in a fit state for bending only for a 
very short time. It is usual to bend or manipulate dural or alclad 
within two hours of normalizing. After normalizing, the metal “age- 
hardens,” that is it returns without further treatment to its maxi- 
mum tensile strength. 

Fittings which are normalized require no further heat-treatment 
after bending. 

Annealing is carried out by heating the metal to 380° C. + 10°C. 
and allowing it to cool in air. 

The metal is then more or less permanently soft and will never 
regain its maximum tensile strength without further heat-treatment. 

Annealing before bending has the advantage of allowing more time 
for bending, but has the disadvantage in that fitting must be subse- 
quently normalized which treatment invariably warps bent or 
formed fittings. Remember: Annealed dural or alclad must be 
normalized before use. 

Never leave annealed sheet lying around the shop. It is possible 
to maintain dural in a soft condition for several weeks after normal- 
izing by quickly decreasing the temperature of the dural to below 
zero centigrade. 

“Dry-ice” boxes are used for this purpose. 

The age-hardening of dural can be accelerated if necessary (for 
fittings to be used at once for flight), by immersing for a few hours 
in boiling water, but the metal is said to resist corrosion far less if 
this is done. The heat-treatment of alclad or dural is usually carried 
out in a “salt bath.” 

The salt bath contains a mixture composed of equal parts of the 
nitrates of sodium and potassium, the bath being mounted over a 
furnace with provision for the very accurate control of its tem- 
perature. 

Before use, dural fittings are “Anodized.” This is an electrical 
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chemical treatment which coats the dural with a compound of alu- 
minium, and prevents corrosion very effectively. 

All separate items of complex dural fittings must be anodized 
before being assembled with each other. 

Aluminium needs no heat treatment except for panel-beating. 

Stainless Steels are of many varieties. Generally they are not heat 
treated. 

Some external stainless steel fittings are polished or ‘‘buffed,” 
but they are usually left with the surface untouched. 

Stainless steel is generally very hard to bend and large ‘“‘spring- 
back” angles must be allowed on bending blocks and_ folding 
blocks. 

Stainless steels are difficult to drill. Drills should be shortened 
in flute length, and dry drilling is preferable for small drills, as this 
enables the drill to “bite” more readily. Turpentine is a good 
lubricant for the larger drills. 

“Elektron ” is the name given to a series of alloys, the chief con- 
stituent of which is magnesium, which is present to the extent of 
about 90% and upwards. 

“ Elektron” is the lightest commercial alloy known, and_ is 
about two-thirds the weight of duralumin and one-quarter the 
weight of steel. 

“ Elektron ”’ sheet is not, in general, susceptible to heat-treatment. 
Its strength depends to a large extent on the amount of mechanical 
deformation (such as that caused by rolling) received in manu- 
facture. The properties obtained by deformation would be destroyed 
by heat-treatment. There are two main groups of “‘Elektron”’ alloys, 
those capable of being welded and those not so readily welded. 
The specification number for the sheet alloy suitable for welding is 
D.T.D. 118, and that not suitable for welding is D.T.D. 120, the 
latter being the stronger. 

Magnesium alloys are gradually becoming more widely used for 
aircraft parts, and are at present used for such components as 
Tanks, Ribs, Cowlings, Fairings, and Panels. 

There is a slight risk of fire if a large amount of particles are 
accumulated (such as filings or swarf). There is, however, no risk of 
an explosion. Any chance fire can be dealt with by smothering with 
dry sand. Water must not be used, as this renders an explosion 
possible. 


CHAPTER VII 
RIVETS 


THE types of rivets normally used on aircraft construction are shown 
in Figs. 24 and 24a. 

Riveting is invariably carried out by riveting gangs in separate 
departments, where all the equipment such as dollies, snaps, bolsters, 
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compressed air rivet guns, hydraulic machines, etc., are readily at 
hand. 


A fitter, however, is sometimes called upon to do a certain amount 
of hand riveting. 


Snap Head Rivet. This type of rivet is used in greater quantities 
than any other. 


The rivet heads, after being snapped over, should match up, that 
35 
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is to say, the head formed by the snap should be practically indis- 
tinguishable from the other. 

Snap head riveting, when carried out by hand, is done by using a 
snap and dolly. A dolly is a tool for supporting the rivet by its head, 
and the snap is a tool for forming the other head, when the rivet is 
supported in position by the dolly, as in Fig. 25. 
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The chief difficulty when snap head riveting by hand is to get the 
edges of the head to be formed hard down on the face of the metal. 
This can be overcome by bearing the following in mind. The rivet 
must be the correct length, and if too long must be filed, or cut with 
rivet cutters. The amount of rivet protruding for snapping is ap- 
proximately equal to 1} times the diameter of the rivet. 

The edges must be curled over (see Fig. 25) before applying the 
snap. This is best done with the ball end of a hammer while the 
rivet is supported in position. The head is then finished off with 
hammer and snap. Snaps are made of cast steel, hardened and 
tempered, and are usually obtained from the factory stores. Snaps 
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can also be made of mild steel rod, and are serviceable for a con- 
siderable time if they are case-hardened. The indentation at the 
end for forming the rivet head is easily obtained as follows. 

Drill a shallow hole equal in diameter to the rivet head, at the 
end of the rod. Obtain a ball-bearing (as used for cycles, etc.) of 
this same diameter. Place the ball on a hammering block and ham- 
mer the snap on to the ball. 
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Mild steel snap head rivets are annealed before use. 

Aluminium rivets are anodized before use, and receive no heat- 
treatment. 

Duralumin rivets must be anodized and then heat-treated at 
490° C., and must be used within 2 hours of heat-treatment. 

Countersunk Rivet. The head of a countersunk rivet is formed 
with a hammer face. The rivet heads must be accommodated by 
the countersinks in the metal without any spaces being visible 
around the edges of the heads. The rivet heads must be flush with 
the faces of the metal. 

Pan Rivet. This rivet is not very extensively used on aircraft. 
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The method of snapping by hand is similar to that used for the 
snap head rivet. : 

Pierced Tubular and Pop. These are riveted over by mechanical 
means, the punches used being shaped to suit the various heads 
to be formed. 

As a matter of interest, there are two types of rivets not mentioned 
above, which are used very extensively abroad. 

They have an advantage in that the heads are very easily formed 

’ without loss of strength. 

A in Fig. 24a is a “cheese head,” the cheese head being the formed 
head. 

The usual method of forming is to place a rivet gun (compressed 
air) on the snap (or round) head, firmly push the rivet through the 
metal, then hold a flat weight against the unformed end of the rivet. 

The cheese head is automatically formed when the trigger is 
pressed. 

This type of rivet is very useful for riveting items to long tubes 
as the gun can be used on the outside, the cheese head being formed 
against a spring mounted flat dolly pushed up through the tube. 

Bis a “Mushroom head,” the mushroom head being the die head 
(as supplied). 

This type of rivet allows these sheets to be riveted together with 
one side flush, without the necessity of countersinking. 

Countersinking thin sheet, of course, is not desirable as the counter- 
sink goes beyond the thickness of one sheet or layer. 

The method of forming is shown in Fig. 24. (a) Drawing up with 
special dolly and rivet gun. (b) Riveting with rivet gun and flat 
weight. 


Removing Rivets 

Snap Head. File a small flat on the top of one head. Centre dot 
the middle of this small flat. Drill a hole to the bottom of the rivet 
head with a drill equal in diameter to the rivet. Support the other 
head of the rivet on a dolly, and carefully chisel off the drilled head 
with a chisel. Punch out the remainder of the rivet. 

Countersunk. Drill hole equal in diameter to the rivet, to the 
bottom of one head, and carefully punch out the other part with a 
pin punch. The drilled head will be left on the punch. 

Pierced Tubular and Pop. Drill off one head with a drill equal in 
diameter to the diameter of the rivet, using the hollow of the rivet 
asa pilot hole. Punch out the remainder of the rivet. 


CHAPTER VIII 
TUBES 


Tunes used on aircraft structures are ‘‘Solid-drawn,” that is to 
say, they are seamless. They are one of the most used forms of 
material, as, except for providing a method of end attachment, 
there is not much work to be done on them. 

Solid-drawn tubes can be obtained in practically any metal or 
alloy, and any diameter and gauge. There are also numerous special 
cross-sections, the chief being square, oval, and streamlined. The 
method of attachment of square tubes is usually by flat side plates 
and bolts or rivets, with distance pieces in the tubes to prevent 
crushing. There are many commonly used methods of attachment 
for round tubes. Some of these methods are shown in Fig. 27. 
Methods A and B are the most common. 

4 is known as an “external” socket, and B as an “internal” 
socket. These are usually attached as shown in sketch by two 
taper-pins at right angles to each other. 

Other methods of attachment are shown in Figs. C to G. 

The flattening of tubes for attachment purposes is known as 
* Swaging.” 

D and @ have “‘liners,” that is, short inserts at the swaged ends 
for increased strength and rigidity. If a liner is used, it is necessary 
to drill a small hole in the main tube at the position opposite to the 
end of the liner, so that the viewer (inspector) can see that the 
liner is inserted the required distance. If a tube is to be sealed at 
each end by welding, a small hole, known as a “blow” hole, must be 
drilled in the main tube to allow for expansion and contraction of 
the enclosed air. Before sealing both ends of a tube it must be 
submitted to the inspection department for examination and is 
stamped for correct guage. 

Tubes are sometimes swaged hot. If this is done care must be 
taken not to cool them by quenching them in water. Swaged tubes 
should be annealed before use. 

Swaging tools for production are composed of two specially shaped 
blocks which squeeze in the end of the tube to the required shape. 
These tools are usually made by toolmakers, but can easily be 
turned out by a bench fitter. 

After swaging, it is usual to trim the edges of the flat end with an 
emery wheel. Swaged ends are sometimes edge-welded. 
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When assembling end-sockets to tubes, it is necessary that the 
inside of the tube be painted or plated (excepting stainless tubing) 
before the final riveting or bolting. Dural tubes are ‘‘Lanolined” 
inside after anodizing. It is usual for tubes to be inspected for gauge 
and inside surface treatment at the same time. The inspector usually 
stamps the tube twice—once for gauge, and once for the inside 
surface treatment. Any marking out to be done lengthwise on tubes 
is best done on a surface plate with a scribing block and a pair of 
vee blocks. When welding fittings or additional tubes to a main 
tube, the length of the main tube appreciably diminishes, so that a 
generous allowance must be made as extra length in the main tube. 
Tf necessary the ends of the main tube can be trimmed after the 
welding. 

It is not usual to stamp part numbers on tubes. For mild steel 
and stainless steel tubes it is usual to solder a brass strip, bearing 
the part number, to the tube. A small blob of solder is left on the 
tube near the brass strip, for the purpose of bearing the inspector’s 
stamp. 

Part numbers for aluminium and aluminium alloy tubes should 
be stamped on, after plating, with rubber stamp and ink. 
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CHAPTER IX 
TUBE BENDING 


Tuse bending is usually done by copper-smiths, and considerable 
practice is necessary to become proficient at this work. 

The bench fitter, however, is also called upon to carry out a certain 
et of tube bending, so he should know the various methods 
used. 

Tubes when bent, are either “loaded” or ‘“‘unloaded.” 

Whether or not it is necessary to load a tube for bending depends 
on the gauge, the diameter, the material, and the radius of the bend. 

Tt is not possible to lay down any hard and fast rules. For the 
inexperienced the best method is to obtain some scrap tube and 
experiment on it, making as little work as possible for himself. 

Any method involving heating the tube for bending should be 
avoided as it tends to weaken it. > 

Tf it is absolutely necessary to load the tube, use a loading sub- 
stance that gives the least trouble. = 

Copper Tubing. Copper tubes are annealed before bending, that 
is, they are heated to a dull red and quenched in water. They are 
comparatively easy to'bend. 

Those of small diameters are bent unloaded, but those of larger 
diameter may be loaded with rosin. Loading with rosin must be 
carried out in an open shed, or in the open air, as unpleasant fumes 
are given off. The tubes are plugged at one end and then warmed. 
The hot liquid rosin is poured in with a ladle, and solidifies as the 
tubes cool. The rosin is melted out after the tube is bent by applying 
heat to the outside of the tube. Any rosin left deposited on the 
inside of the tube can be dispersed by connecting one end of the 
tube to a source of steam under pressure. Copper tubes are some- 
times loaded with coil springs specially made for this purpose. 

Aluminium and Duralumin Tubes. These tubes are usually loaded 
with rosin in the same way as copper tubes. Aluminium tubing is 
not normalized before bending, and dural tubes are formalized in 
a salt bath. Aluminium tubes can be loaded with lead, but the 
inside of the tube must be smeared with oil before pouring in the 
lead to prevent the aluminium from flaking. An oily rag can be 
pulled through with a piece of string. © 

When a number of tubes are bent to the same shape it is usual 
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to make a forming jig. This is either a metal or wooden arrange- 


ment with a groove on it corresponding to the shape of the finished 
tube. 


Each tube in turn is bent to fit the groove. The groove on the 
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wood or metal is usually made by attaching small wooden blocks | 
or metal pins. 

Mild Steel Tubes. Tubes of small diameter up to about }” diam., 
not thinner than 20 gauge, can be bent cold and unloaded around 
any usual radius. Tubes of larger diameter and thinner gauge must 
be loaded, except for large sweeps, as buckles would form on the 
inside of the bends. 

The simplest method of loading mild steel tube is with dry sand. 
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It is most important that the sand be dry before loading the tube. 
One end of the tube is plugged up with a cork or piece of wood, and 
the tube tightly filled with the sand. Then the other end of the tube 
is plugged. The tube is then heated locally where the bend is 
required and is then bent by hand, around a grooved piece of wood 
or pulley. 

The heat must be applied uniformly to the outside of the bend, 
and on no account must a medium cherry red heat be exceeded. 

Mild steel tubes can also be loaded with molten lead and are then 
bent cold. The tube must first be dried out by warming, and one 
end plugged. The molten lead is then poured in to completely fill 
the tube. After bending the lead is melted out by heating the out- 
side of the tube. 

If a tube is bent by local heating it is considerably weakened, 
but the comparatively low temperature of molten lead does not 
have any ill effect on the tube. 

There are many ways of cold bending without loading. A crude 
but effective method is to cut a hole, bell-mouthed at each end, 
through a plank of wood, place the tube in the hole, and apply 
force at the end of the tube. 

Another method is to pull the tube around a grooved pulley. 

Large tubes are sometimes bent in a press between shaped wooden 
blocks, and are usually lead-loaded for this purpose. 


Tube Bending Machine 

A tube bending machine is shown in diagrammatic form in 
Fig. 28. 

It consists of three grooved pulleys, mounted on pivots, which 
can be adjusted and locked in various positions. 

The two smaller pulleys B and C can be rotated by means of a 
handle, chain and sprockets, as shown in sketch. 

A tube is shown being bent. 

Dimensions and y can be varied to suit the radius required on 
the bent tube. The sectional shape of the pulleys is shown, and 
there is a different set of pulleys to suit each different diameter of 
tube. 


CHAPTER X 
THE COMBINATION SET 


Tur combination set is illustrated in Fig. 29. It consists of one rule, 
one square head, one protractor head, and one centre head. 
The rule can be clamped in any position on either head. Used 
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as a try-square with the square head, it has a great advantage over 
the ordinary try-square, in that the blade can be adjusted and 
clamped at any required position, and can be used for testing large 
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faces, or small steps, which would not permit the use of an ordinary 
square. 

The angle between the rule and the second face on the square 
head is known as the mitre, and is exactly 45°, so that angles of 45° 
can be marked or tested using this face. 

A scriber for use with the square is conveniently placed in the 
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square head, being held in position by friction. Its position allows 
it to be easily taken out and replaced. 

Where extreme accuracy is unnecessary the rule can be set to the 
correct position and used as a depth gauge. 

A combination square is the ideal tool to use in conjunction with 
a scribing block. 

The rule is clamped with its head flush with the edge of the square 
and the square placed on the surface plate with the rule vertical. 

The scribing block scriber is then set to the required positions on 
the rule. 

The protractor is used for testing and marking any required angle. 
The rule can be set at the necessary angle to the protractor face 
and locked in position with a clamp screw. 

The centre head is for finding the centre of flat round faces. 

Two lines are scribed approximately at right angles to one another, 
using the centre head as shown in Fig. 30. 


CHAPTER XI 
THE MICROMETER 


MICROMETERS are instruments for measuring accurately 1o the 
thousandth (,,;;th) part of an inch, and, if provided with a vernier 
attachment, to the nearest ten-thousandth (;>/;sth) part of an inch. 

They are made in different sizes, the smallest measuring any 
distance between 0 and 1”, the second between 1” and 2”, the third 
between 2” and 3”, and so on. 

A 0-1" micrometer, of the usual design, is illustrated in Fig. 31 (A). 
The various parts are named as shown. The thimble and the spindle 
are solid with one another. The spindle has a thread on the hidden 
part of its length, which is screwed into a corresponding thread 
inside the graduated sleeve. If the thimble is turned in a clockwise 
direction the spindle will travel towards the anvil and vice versa. 


Reading the Micrometer 


There are exactly forty threads per inch on the spindle end. It 
therefore follows that if the thimble is rotated exactly one turn the 
end of the spindle will travel through one-fortieth (7th) part of an 
inch. 

Supposing the thimble has been screwed in a clockwise direction 
until the spindle touched the anvil. If the spindle is now rotated 
in an anti-clockwise direction for one complete turn, the space 
between the anvil and the thimble will be jth of an inch. If 
rotated through two revolutions the distance will be -,ths (s';th) 
of an inch. 

Converted into a decimal equivalent, jth equals 0-025, so that 
for the one revolution the space will be 0-025”, and for two revolu- 
tions the space will be 0-050”. 

It will be noted in Fig. 31 (A) that the sleeve is graduated. These 
graduations are shown in Fig. 31 (B). 

Each large division is ,;th of an inch, or 0-1”, and each small 
division is ;'5th of an inch or 0-025”. When the spindle is touching 
the anvil the 0 on the sleeve is just visible. 

If rotated through one turn anti-clockwise the thimble and spindle 
travel backwards ,',th of an inch, so that exactly one small division 
will be uncovered on the graduated sleeve. For two revolutions 
two divisions will be uncovered, and so on. 
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When the 0-1 on the graduated sleeve becomes visible, the dis- 
tance between anvil and spindle will be 0-1". The thimble edge is 
graduated in 25 equal divisions, so that if the thimble is rotated 
through 25 of these divisions this corresponds to ;';th of an inch 
(or 0-025”) travel on the spindle. Therefore, if moved through one 
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division on the thimble, the distance travelled by the spindle will 
be one twenty-fifth of ;'5th, or z';th of 0-025 = 0-001” (or y;4;ath of 
an inch). The amount -001” is colloquially known as one “Thou.” 
Supposing the space between anvil and spindle is nil, then the 0 
on the sleeve will be opposite the datum line. Turn the spindle anti- 
clockwise through one division on the thimble, then the space 
between the anvil and spindle will be 0-001”. For two divisions it 
will be 0-002”, and so on. 

When the 0 on the thimble comes round opposite the datum line 
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again, one division on the graduated sleeve will become uncovered 
and the reading will be 0-025”. 
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If then turned anti-clockwise through one small division on the 
thimble the reading will be 0-025” plus 0-001”, or 0-026” 

The reading on a micrometer is therefore found as follows. 

The reading visible on the graduated sleeve plus the reading on 
the thimble. 
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The examples shown in Fig. 32 show various readings which should 
make this quite clear. 

Different persons may, when using the micrometer, screw the 
thimble too lightly or too tightly, giving a false reading. Provision 
has been made for this by the addition of the ratchet. When the 
thimble is turned using the ratchet, this will automatically slip 
round when the correct degree of tightness has been reached. 


CHAPTER XII 
THE VERNIER 


A VERNIER caliper in diagrammatic form is shown in Fig. 33. It 
will be seen that the rule, or “Beam,” is graduated in inches, tenths 
and fortieths, or as decimals; large divisions are each 0-1, and small 
divisions 0-025. 

It will be seen in the figure that when the 0 on the vernier is in 
line with the 0 on the rule, the 25th line on the vernier is in line with 
the 24th line on the rule. Therefore the 25 divisions on the vernier 
equal 7ths on the rule, which, as a decimal, equals 24 x 0-025 


6 
= 0:6. Therefore each division on the vernier equals 35 0-024”, 


A division on the scale then is 0-001” shorter than a division on the 
rule. 

Referring to the figure again, if the slide is moved along until the 
first division on the vernier is opposite the first division on the rule, 
then the space between the two 0 lines will be 0-001", making the 
distance between the jaws also 0-001”. 

If the second division is moved along until it is opposite the 
second division on the rule the distance between the jaws is 0-002”. 

If the 20th line on the scale is moved along to be opposite the 
20th line on the rule the distance between the jaws is 0-020. This 
is shown in Fig. 33. 

When the 0 on the vernier is opposite the one inch mark on the 
rule the reading will be one inch. 

A reading of 0-775” is shown in Fig. 33 (B). The reading is 
obtained as follows— 


7 large divisions OF" 
3 small divisions 0-075” 
0-775" 


Any amount which is divisible by 0-025 can be set in this way 
without using the vernier. If the number is not divisible by 0-025 
the reading is obtained as follows. 

Take 0-536 as an example (see Fig. 33 C). Find the largest number 
less than 0:536 which is divisible by 0-025. This number is 0-525. 
Set the reading as 0-525. There remains -011” (,14;ths) to be added 
to this reading (0-536 — 0-525). 
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To add this on to the present reading move the vernier along until 
the eleventh line on the vernier is opposite the next line to it (on the 
right) on the rule. 

Various examples to illustrate the setting are shown. 
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The standard types of vernier calipers and vernier height gauge 
are illustrated in Figs. 34 and 35. 

The method of making minute adjustment is as follows. 

Loosen the two clamp screws and set the vernier approximately. 

Tighten clamp screw A (Fig. 34). 

By turning the adjusting screw the vernier can be moved slowly 
to the required position. 
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When the correct reading is obtained, tighten clamp nut B. The 
vernier caliper is used for testing accurately face to face measure- 
ment. 

A height gauge can be read on either side of the rule. One side 
gives the height of an object above the surface plate, whilst the 
other side denotes the distance between the caliper faces when the 
tool is used as a caliper. 

A height gauge is used for testing heights on the surface plate, 
for calipers, and for marking off. For marking off purposes it is used 
in the same way as a scribing block working from a base line. Care 
must be taken when marking off always to take readings from the 
same side of the rule. 

Used in conjunction with an angle plate and clamp, the vernier 
height gauge is the ideal tool for marking off templates, and its use 
is strongly recommended. 


Elimination of Protractors for Marking Out 


A protractor is an undesirable tool to use for marking off pur- 
poses, as errors can easily creep in by its use. By utilizing a know- 
ledge of trigonometry it is possible to work out all the measurements 
in two planes for marking with a height gauge. 

Take Fig. 36 for instance. 

In the triangle ABC find length of AB. It is then easy to mark 
out this job dead accurately with a height gauge without the use 
of a protractor. ? 


CHAPTER XITIT 
SOLDERING 


SoLpERING is seldom used on aircraft fittings except for the pur- 
poses of extra rigidity, and is generally in conjunction with bolts, 
pin, or rivets. 

The essential equipment for soldering is a soldering iron, stick 
of solder, a flux, and a source of heat. 

A soldering iron is made of pure copper, and the size of the iron to 
be used must be sufficiently large to prevent the job to be soldered 
cooling the iron too quickly. Solder is an alloy of tin and lead, 
The best quality contains the most tin, Grade A containing 64-66%, 
tin, antimony up to 1% and a remainder of lead. 

A flux is a substance which is applied to the joint to be soldereq 
to clean it and to prevent the formation of oxide when the iron js 
applied. 

Before starting, the iron, or “bit,” must be “tinned.” This is 
done as follows. 

Heat the iron to a temperature in excess of the melting point of 
the solder. Clean the point of the iron with an old file. Dip the 
point into a flux and then apply the solder to the point. The solder 
will then form an even layer over the point of the iron. 

The faces to be soldered must be thoroughly clean before soldering, 
and must be tinned separately before joining. 

Tinning these faces is done by first applying the flux to the clean 
faces, then applying the iron and solder together to the faces. The 
melted solder will form evenly over the clean faces. Most metals 
can easily be soldered, but aluminium and its alloys are exceptions 
and cannot be soldered, except with great difficulty, using aluminium 
as the solder. 

After tinning the faces to be joined, place the separate parts in 
position with one another and apply the iron to the joint, and if 
necessary add more solder. The tinned faces will then unite, 

Considerable practice is, of course, necessary for successful 
soldering. 


The Tinning Bath 


A tinning bath is composed of a large container mounted over a 
gas burner. The container, or ‘“‘bath,” contains molten solder for 
the purpose of tinning. 
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The object to be tinned is completely immersed in a flux and 
then immersed in the molten solder. 

Tinning by this method is much quicker than tinning with an 
iron. 

The flux generally used in aircraft factories is Fluxite, which 
looks like a thick grease. 

‘‘Baker’s Fluid” is one of the finest fluxes, and is almost univer- 
sally used for tinning. 

All traces of flux must be washed off after soldering with clean 
hot water. 
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CHAPTER XIV 
BRAZING 


Brazinc is not generally used on aircraft structures, but is applied 
extensively to the jigs and tools necessary for production. 

The essential equipment for brazing is a blow lamp, spelter and a 
flux. 

The blow lamp must be smokeless. A gas or paraffin blow lamp 
is ideal. 

Spelter is usually soft brass or copper in the form of wire, rods or 
strips. 

The flux generally used is borax, which must be mixed with water 
to form a thick paste. 

For brazing, all parts must be thoroughly cleaned, and the 
scratches produced by cleaning should run in the direction of the 
flow of the spelter. Joints to be brazed must be a loose fit to allow 
the spelter to creep along the joints. 

Paste the borax on to the clean faces, and place them in position 
ready for brazing. 

Heat the joint slowly until the water evaporates from the borax 
paste, then heat quickly to a bright red. Dip the end of the spelter 
into the paste, then apply it to the joint, where it will melt and 
flow evenly along the joint. 

A common fault when brazing is to apply the spelter before the 
metal is hot enough. 

Brazing can be carried out with extreme efficiency with the oxy- 
acetylene torch. 

Special spelters such as “Sifbronze,” ‘Tobin Bronze” and “Silver 
Solder” are available for this purpose, and special fluxes are generally 
used. 


CHAPTER XV 
WELDING JIGS 


A wewprne jig is an arrangement for clamping parts into their 
correct relative positions for welding purposes. 

The design of the jig is usually left to the fitter, who should bear 
the following points in mind. 

1. The base plate should be made thick enough to withstand 
distortion by heat. Mild steel about }” thick is suitable for ordinary 
fittings. 

2. Any part of the jig which comes in contact with the blowpipe 
flame during welding or “tacking” should be left thin, as a thick 
mass of metal would conduct so much heat away from the job itself 
as to make welding almost impossible. Thick parts should be cut 
away or drilled. 

3. Any locating pins, or nuts and bolts used for clamping, should 
be fitted with handles so that the jig can be loaded and unloaded 
while hot. Handles can be made from mild steel wire welded to the 
nuts, bolts or pins. 

A job should not be completely welded in the jig as the great heat 
necessary for welding would distort the jig and render it inaccurate. 
The general practice is to “tack” the parts in as many places as are 
necessary in order to hold the parts in position. The job is then 
taken out of the jig and completely welded. 

“Tacking” means welding a job at intervals with small spots. 


CHAPTER XVI 
METHODS OF LOCKING NUTS 


ALL nuts used on aircraft construction must have a locking device 
to eliminate the possibility of vibrating loose. The most common 
forms of locking are shown in Fig. 37. 

Spring Washer. The spring washer is used extensively for locking 
purposes. The nut is quite free to tighten in a clockwise direction, 
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but directly it tends to loosen the sharp edges of the spring washer 
dig into it and prevent it turning. 

The Split Pin. The split pin is used in conjunction with a castle 
nut, and it necessitates drilling the bolt to accommodate the split 
pin. 

Nuts must be properly tightened before the split pin hole is 
drilled. 

When the split pin is entered in position, any excessive amount 
protruding for bending over the nut must be cut off. 
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A split pin bent over in position is shown. When a split pin is 
removed it must not be used again. 

The Tab Washer. A tab washer is shown bent in position. A 
tab washer, once bent, must be discarded, and must be replaced 
with a new one. 

A common method of locking a plain nut, which is never likely 
to be removed, is to rivet the end of the bolt over the nut as shown. 
Butterfly, or wing nuts, and union nuts on pipe lines are locked by 
passing a wire through a small hole in the side of the nut and 
fastening the wire to a convenient part of the structure in such a 
way that the nut cannot turn in an anti-clockwise direction. 


CHAPTER XVII 
TAPS AND DIES 


Taps are used for cutting internal threads. They are usually 
supplied in sets of three for each size. 

A hole is first drilled equal in diameter to the core diameter of 
the thread. 

The core diameter means the diameter at the bottom of the 
threads of a screwed round bar. A table of these sizes in the form 
of tapping drill sizes will be found at the end of the book. 

The Number One, or “Taper” tap, is tapered so that the end will 
just enter the drilled hole. 

The tap is rotated with a tap wrench and is lubricated (see table 
of lubricants), 

When the tap is started it is advisable to cut about one-third 
of a turn forward, then half a turn backward, and so on. In this 
way a perfect thread will be obtained, with the minimum risk of 
breaking the tap. 

The tap is inserted to the bottom of the hole, and is then with- 
drawn. 

The hole is cleared of cuttings, after which the Second, or ‘‘Inter- 
mediate,” tap is used. This tap is less tapered. 

The hole is finished with the Number Three, or “Plug” tap, which 
is parallel. 


It is not necessary to use the Intermediate tap when tapping a 
hole which goes right through the metal. 


Dies 

Dies are for cutting external threads on round bars. The diameter 
of the bar must equal the outside diameter of the thread to be cut. 

A bevel, or lead, is filed on the end of the bar, to assist the die to 
get a grip on the bar. 

The die is bell-mouthed. The bell-mouth is always on the side 
of the die on which the die-size is stamped. 

The die must be started on to the bar with the stamp face down- 
ward, and must be rotated forward to cut about one-third of a 
turn and back half a turn, in the same manner as for tapping. 

A lubricant must be used (see table). 
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CHAPTER XVIII 
GAUGES 


A GAUGE is a tool for measuring and checking, and is usually for 
the purpose of eliminating the constant use of sensitive instruments. 
There are many different kinds of gauges, some of which are never 
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used for bench fitting. Some of the most used gauges for bench 
fitting are illustrated in Fig. 38. 

Plug gauges are for testing holes for accuracy. They are one of 
two types, “standard” or “‘limit.” 

A “limit” gauge is often termed a ‘“‘go and not go” gauge: and 
is used for testing a hole to be between the high and low limits. 


A “standard” plug gauge is for testing holes which are required to be 
dead size. 


The terms “limit” and “tolerance” are frequently used for 
describing errors which are permissible for certain dimensions. 


; ae f nye » + 0-002 
If an error is permissible, the dimension is stated thus PA — 0-003" 
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This means that the dimension will be reckoned as correct if it is any 
size between 2-002” (2” + 0-002”), and 1-997” (2” — 0.003”). 

The amount allowable above nominal size is said to be the “high” 
limit, and the amount below nominal size to be the “low” limit. 


Raps Gauce- {is 20.S.WG Prare.) 


Cur Here 


Diamerer or Hore 


EquakS Twice THE Rabdiws 


Te a¢ Tested 


Fie. 39 


The amount between high and low limit is said to be the 
“Tolerance.” 


EXAMPLE 
jy” + 0-003 
— 0-001 
High limit = 0-003” 
Low limit = 0-001” 
Tolerance = 0-004” 


All important holes in aircraft fittings should be tested by the 
fitter before submitting for inspection. 

A radius gauge is for testing either internal or external radii. 
In aircraft fitting they are used mostly for testing radii on bend 
blocks. An efficient radius gauge can be made from a small rect- 
angular piece of metal. Drill a hole near one corner of the rectangle 
equal in diameter to twice the radius to be tested, and cut out the 
metal as shown in Fig. 39. 

Thread gauges are used for ascertaining the type and diameter of 
threads which have previously been cut. 

Feeler gauges are used for testing the clearance between assembled 
parts. The blades are of thicknesses varying between -002” and -025". 

Other gauges in common use on the bench are drill gauges and 
standard wire gauges. 
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A drill gauge is for determining the diameter of twist drills. 

A standard wire gauge is used for determining the thickness of 
sheet metal or the diameter of wire. - 

It is advisable, if possible, to use a micrometer in preference 
to a standard wire gauge. 
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CHAPTER XIX 


ROLLERS 


Ir is frequently necessary to bend sheet metal with a very large 
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inside radius. This is usually carried 
out in the “Rollers.” A set of rollers 
in diagrammatic form is shown in 
Fig. 40. 

The clearance between rollers A 
and B is adjustable to suit different 
gauges of sheet metal. 

Roller C can be adjusted in posi- 
tion, and can be moved up or down. 

For the smaller bend radii, the 
roller C is at its upward limit, and 
as the roller is lowered, so the bend 
radius is made larger. When it is 
necessary to flatten buckled plates, 
it can be done by bending the plates 
very slightly in the rollers, and then 
putting them through once more in 
the reversed position, so that the last 
bend counteracts the first. 


Some machines have grooved rollers for bending rods and bars. 
These grooves are so shaped that the rod or bar fits into them. 
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CHAPTER XX 
THE DRAW BENCH 


A srrip draw bench is shown in Fig. 41. 
It consists of a framework 20 feet or more in length, at each end of 
which is mounted a large sprocket with an endless chain revolving 
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around it. A series of rollers or dies are mounted at one end, and a 
strip of metal is pulled through the rolls by a clamp mounted on the 
revolving chain. The rollers or dies form the strip step by step into 
the cross-sectional shapes required. 

For the more complicated cross sections the strip is drawn through 
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two or more different sets of rollers or dies. Some of the most com- 
monly used X-sections are illustrated. A fitter is usually called 
upon to cut the channels or angles to their various shapes, and to 
drill any holes. 


Section W 
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A simple cutting and filing channel jig is shown in Fig. 42. 

The channel or angle is clamped inside the jig. Then all holes are 
drilled from the jig, and the ends sawn and filed to agree with jig’s 
shaped ends. 

The more complicated cross-sections are used for ribs and spars 
and are drilled and shaped in special jigs made in the tool-room. 

Frequently it is necessary to curve some of these shaped strips. 
In these cases, special jigs or rollers are made in the tool-room for 
the job. 

Long sweeps can sometimes be put in without rollers or jigs. 


TABLES AND DATA 
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TABLE I 
TremPer CoLours 
Colour Article 
Straw . & 5 . Sceribers, dividers, scrapers. 
Straw-yellow 5 . Shear blades, dies and taps. 
Brown-yellow A - Reamers. 
Light purple . Drills, punches. 
Dark purple . ‘ . Chisels for steel and cast iron. 
Pale blue. i . Needles. 
Blue . . z . Secrew-driver, springs. 
TABLE II 
ImpEerRIAL STANDARD WIRE GAUGES 
Number Thickness Number | Thickness Number | Thickness 
in of in of in 
Wire Gauge Inches Wire Gauge} Inches ‘Wire Gauge} Inches 
0-464 ll 0-116 27 0-0164 
0-432 12 0-104 28 0-0149 
0-400 13 0-092 29 0-0136 
0-372 14 0-080 30 0-0124 
0-348 15 0-072 31 0-0116 
0-324 16 0-064 32 0-0108 
0-300 17 0-056 33 0-0100 
0-276 18 0-048 34 0-0092 
0-252 19 0-040 35 0-0084 
0-232 20 0-036 36 0-0076 
0-212 21 0-032 37 0-0068 
0-192 22 0-028 38 0-0060 
0-176 23 0-024 39 0-0052 
0-160 24 0-022 40 0-0048 
0-144 25 0-020 
0-128 26 0-018 


69 


70 THE AIRCRAFT BENCH FITTER 
TABLE IIT 
DrcmaL EquivaALeNTS OF Fractions (INCHES) 
; 
64ths | 32nds/| 16ths | 8ths | Decimal} 64ths | 32nds_ 16ths | 8ths Decimal 
| | | 
ee 0-0156 || 33 0:5156 
ae 0-0312 Mi 0-5312 
ae 0-0468 || ay 0-5468 
sf 0-0625 * 05625 
dr 0-0781 || ay 0-5781 
& 0-0937 ag 0:5937 
Ve : 01093 || a , 0-6093 
0-125 0625 
& 0-1406 || 43 0-6406 
a | * ois || a | o-6718 
t . : 
7 oN a *| ee 
a ; 45 : 
e 0-2187 || * 0-7187 
HE 0-2343 || 4% _ | 0-7343 
4 | 0-250 z | 0-750 
ae 0-2656 || 42 07656 
th 0-2812 38 0-7812 
y ‘ 02968 || §3 0-7968 
ts 03125 || 1g 0-8125 
2 0-328] || gp | 0-8281 
a | 2 o3se3 | ag | 08503 
z “35 8 "85 
2 | 0-375 $ | 0-875 
ae 0-3906 |) 33 0-8906 
a |? ela! # a 
42 52 +92 
oe ia 0-4375 e 0-9375 
a2 : 0-4531 || §3 | 0-9531 
be M 0-4687 a3 0-9687 
a ‘ 0-4843 63 0-9843 
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TABLE IV 
Morse NumBer Dritu Sizes 


1 


No Inches No. , Inches H No. Inches 
1 0-228 21 0-159 41 0-096 
2 0-221 22 0-157 42 0-093 
3 0-213 23 0-154 43 0-089 
4 0-209 24 0-152 44 0-086 
5 0-205 25 0-149 45 0-082 
6 0-204 26 0-147 46 0-081 
yh 0-201 27 0-144 47 0-078 
8 0-199 28 0-140 48 0-076 
9 0-196 29 0-136 49 0-073 

10 0-193 30 0-128 50 0-070 
11 0-191 31 0-120 51 0-067 
12 0-189 32 0-116 52 0-063 
13 0-185 33 0-113 53 0-059 
14 0-182 34 0-111 54 0-055 
15 0-180 35 0-110 55 0-052 
16 0-177 36 0-106 56 0-046 
17 0-173 37 0-104 57 0-043 
18 0-169 38 0-101 58 0-042 
19 0-166 39 0-099 59 0-041 
20 0-161 40 0-098 60 0-040 
TABLE V 
Letrer Dritt Sizes 

Letter | Inches Letter Inches 

A 0-234 N 0-302 

B 0-238 Ce) 0-316 

e * 0-242 P 0-323 

D 0-246 Q 0-332 

E 0-25 R 0-339 

F 0-257 8 0-348 

G 0-261 T 0-358 

H 0-266 U 0-368 

I 0-272 Vv 0-377 

J 0-277 Ww 0-386 

K 0-281 >.< 0-397 

L 0-290 Y 0-404 

M 0-295 Z 0-413 
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TABLE VI 
Driuinc anp Reaminc Lupricants 


Tools Materials 


Mild Steel Aluminium and 


Aluminium alloys 


Drills 


Soda, Soft Soap | Paraffin 
and Water 
Reamers Tallow Paraffin 
Taps and dies Oil Turps 
TABLE VII TABLE VIII 


Demrine SPEEDS Dritt Sizes ror REAMING 


Revolutions per Minute Reawiay Drill Size 
. Diam. of Drill | R.P.M. 
. $ No. 31 
. ds No. 24 
ts” 1600 ts No. 15 
me 1400 a No. 4 
¥ 1250 t Cor ag 
wh” 1160 Pa Hor Aj 
a 1000 th ay 
ts” 850 ‘4 2 
” 700 4 : 
* > is a 
if 500 + 8 
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TABLE IX 
Direcrorate or TECHNICAL DEVELOPMENT SPECIFICATIONS 


Specification Material 
D.T.D. 12. Low Carbon Steel Sheets. 
23. Stainless Steel Sheets (High Chromium). 
39. Stainless Steel Sheets (Low Tensile—High Chromium). 
41. Mild Steel Tubes. 
46. Stainless Steel Strips (High Chromium). 
50. Aluminium Silicon Alloy Sheets. 
54. Steel Strips (High Tensile Nickel Chromium). 
60. Stainless Steel Sheets and Strips (High Chromium). 
97. Mild Steel Tubes. 
98. Nickel Chromium Steel Sheets and Strips. 
99. Nickel Chromium Steel Strips. 
100. Nickel Chromium Steel Strips. 
102. Mild Steel Tubes. 
105. Non-corroding Steel Tubes. 
111. Alclad. 
118. Magnesium Alloy Sheets. 
120. Magnesium Alloy Sheets. 
124. Carbon Steel Strips. 
125. Magnesium Alloy Sheets. 
127. Magnesium Alloy Bars. 
129. Magnesium Alloy Bars. 
137. Carbon Steel Sheets and Strips. 
138. Mild Steel Sheets. 
146. Stainless Steel Sheets and Strips (High Chromium). 
158. Stainless Steel Strip (Nickel Chromium). 
166. Stainless Steel Sheet and Strip (Chromium Nickel). 
167. Steel Tubes (Medium Tensile Strength). 
168. Stainless Steel Sheets and Strips (High Chromium). 
170. Hard Aluminium Magnesium Alloy Sheets. 
171. Stainless Steel Sheets and Strips (Chromium Nickel). 
175. Half-hard Aluminium Magnesium Alloy Sheets. 
177. Hard Magnesium Aluminium Alloy Sheets and Strips. 
180. Soft Aluminium Magnesium Alloy Sheets. 
182. Soft Aluminium Magnesium Alloy Sheets and Strips. 
186. Hard Aluminium Magnesium Alloy Tubes. 
187. Spring Steel Strips. 
190. Annealed Magnesium Aluminium Alloy Tubes. 
194. Magnesium Alloy Bars. 
195. Non-corroding Steel Strip. 
» 198. Magnesium Aluminium Alloy Rivets. 
199. Non-corroding Steel Tubes. 
202. Magnesium Aluminium Welding Rods. 
203. Non-corroding Steel Tubes. 
207. Mild Steel Tubes. 
, 209. Half-hard Aluminium Alloy Sheets and Strips. 
211. Non-corroding Steel Tubes. 
213. Aluminium Manganese Alloy Sheets and Strips. 
225. Stainless Steel Sheet and Strip (High Chromium). 
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TABLE X 

British STANDARDS INsTITUTION SPECIFICATIONS 
High Tensile Brass Bars. 
Bronze (Gun Metal) Castings. 
Naval Brass Bars. 
Phosphor Bronze Castings for Bearings. 
Brass Bars suitable to be Brazed or Silver Soldered. 
Copper Sheets (Half-hard). 
Brass Bars for Hot Stampings and Forgings. 
White Metal Ingots. 
White Metal Ingots. 


Duralumin Bars, Extrusions and Forgings. 
Duralumin Sheets and Strips. 

Aluminium Sheets (Hard). 
Aluminium-zine-copper Alloy Castings. 

12% Copper-Aluminium Alloy Castings. 
Aluminium Alloy Castings. 

Aluminium Sheets (Half hard). 

“Y” Aluminium Alloy Castings. 

“Y” Aluminium Alloy Bars and Forgings. 

98% Aluminium Notched Bars and Ingots. 
99% Aluminium Notched Gars and Ingots. 
Silicon Aluminium Alloy Castings. 

99% Aluminium Bars and Sections. 

“Y” Aluminium Alloy Castings (Heat-treated). 
Aluminium Rivets. 

Aluminium Alloy Rivets (Duralumin). 
Aluminium-coated Dural Sheets (Alclad). 

Large Aluminium Alloy Bars for Machinery (Dural). 


Aluminium Alloy Bars, Extrusions and Forgings (Hiduminium R.R.56). 


Aluminium Alloy Drop-forgings (Hiduminium R.R. 59). 


“Y” Aluminium Alloy Drop-forgings (for pistons and Cylinder Heads). 


Bright Steel Bars. 
55-ton Alloy Steel Bars. 
Mild Steel Sheets and Strips (suitable for welding). 
5% Nickel Steel Sheets (unsuitable for welding). 
“40”? Carbon Steel (Normalized). 
55-65 ton Nickel Chromium Steel. 
Carbon Case-hardening Steel. 
3% Nickel Case-hardening Steel. 
Tinned Steel Sheets. 
**20”? Carbon Steel. 
Bright Steel Bars for Keys. 
Air-hardening Nickel Chrome Steel. 
High Chromium Steel (Non-corroding)—35 Tons. 
High Chromium Steel (Non-corroding)—46 Tons. 
65-ton Nickel Chrome Steel. 
5% Nickel Case-hardening Steel. 
16% Tungsten Steel. 
34% Nickel Steel. 
“55” Carbon Steel (Normalized). 
**30” Carbon Steel (Normalized). 
“40”? Carbon Steel (Hardened and Tempered). 
“30” Carbon Steel (Hardened and Tempered). 
“55” Carbon Steel (Hardened and Tempered). 


$80. 
2881. 
$82. 
S84. 
S85. 
S86. 
$87. 
S88. 
$90. 


2T1. 
2T2, 
4T4. 
5T7. 
4T8. 
4T9. 


2T18. 
2T26. 
T35. 
T45. 
3T47. 
T50. 
2T51. 
T52. 
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TABLE X (contd.) 
British Sranparps InstrruTion SPECIFICATIONS 


High Chromium Steel (Non-corroding)—55 Tons. 
65 to 75 Ton Nickel Chromium Steel. 

Nickel Chromium Case-hardening Steel. 

Low Carbon Steel Sheets and Strips (Weldable). 
Bon-corrodible Steel Sheets. 

Nickel Chromium Steel Sheets and Strips. 
Nickel Chromium Steel Strips. 

High Tensile Nickel Chromium Steel Strips. 
High Tensile 5% Nickel Case-hardening Steel. 


35 Ton Steel Tubes. 

85 Ton Nickel Chrome Steel Tubes. 

Duralumin Tubes. 

Seamless Copper Tubes. 

Annealed Seamless Brass Tubes. 

Aluminium Tubes. 

Hard-drawn Seamless Brass Tubes. 

20-ton Steel Tubes (suitable for Welding). 

35-ton Steel Tubes (suitable for Welding). 

45-ton Steel Tubes (suitable for Welding). 

Brass Tubes for Honeycomb-type Radiators. 

50-ton Steel Tubes. 

High-pressure Seamless Copper Tubes. 

Hard drawn Phosphor-Bronze and Phosphorus Deoxidized Bronze 
‘Tubes. 


MADE IN GREAT BRITAIN AT THE PITMAN PRESS, BATH 
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